To identify the factors associated with severity of malocclusion in a population of adolescents.
INTRODUCTION
Although the incidence of dental caries has diminished in many countries, Brazil included, it persists as the main oral health problem among children and adolescents 9, 19 . As dental health improves among the population, other oral problems may require attention, such as malocclusion 2 . Malocclusion is considered a problem related to the growth and development of maxillary or mandibular bones during childhood and adolescence 11 . This kind of anomaly may have functional, aesthetic or psychosocial effects, with negative impact on the daily life of affected individuals 16 . It is caused by an interaction of environmental, congenital, morphological, and biomechanical factors 8 
.
Malocclusion can be considered a public health problem, given its high prevalence and possibilities of prevention and treatment 20 . Although the demand for orthodontic treatment in contemporary society has grown, population-based comprehensive studies investigating the prevalence of malocclusion and its association with sociodemographic factors, use of dental services and self-perceived oral health among Brazilian adolescents are still relatively scarce. Within this context, this study aimed to identify the factors associated with malocclusion in a population of Brazilian adolescents.
METHODS
This cross-sectional population-based study used data collected in the epidemiological survey of oral health conditions among the population of Montes Claros, state of Minas Gerais, Brazil (Project SB-MOC) 14 . Montes Claros is a middle-sized town located in northern Minas Gerais, in the Sao Francisco River basin, 442 km from the state capital. It has a human development index (HDI) of 0.770 and per capita income of R$650.02. It is considered the region's main economic and educational center, with economic activities focused on manufacturing, services, trade, and agriculture and livestock farming. According to the 2010 census a , the municipality has a resident population of 361,971 inhabitants, 34,143 of whom (9.4%) are in the 15 to 19 age group.
This epidemiological survey of oral health aimed to estimate the prevalence of various oral health problems, such as dental caries, periodontal disease, malocclusion, fluorosis, among others, in adolescents aged from 15 to 19. Sample size was calculated to estimate population parameters with a prevalence of 50.0%, 95% of confidence level and 5.0% of precision. The study adopted correction for the effect of delineation (deff = 2) deriving from cluster sampling, and a 20.0% increase to offset losses and refusals. A sample of at least 761 people was estimated.
A two-stage cluster sampling process was adopted. In the first stage, 52 of the 276 urban census sectors of the municipal area were chosen (sample fraction [f 1 ] = 0.19) by simple random sampling (SRS). The number of sectors was defined considering the average number of households per sector and the average number of individuals per household (data based on the 2003 census and estimated for 2008). In the second stage, a sample fraction (f 2 ) of the blocks in each one of the 52 chosen sectors was selected by SRS (f 2 varied between 0.06 and 0.16), resulting in an average of seven block per sector. All the households in the selected blocks were visited in sequence and residents in the studied age group were invited to take part in the survey. In the rural area, a single-stage cluster sampling process was used. Two of the eleven identified rural areas (f 1 = 0.18) were selected by SRS. The number of areas was defined considering the average number of households in the rural areas, the average number of individuals per household and the percentage of rural population in the municipality (data provided by the town's epidemiological surveillance service). All households situated within 500 m of a reference institution (school) were selected and their residents aged from 15 to 19 were invited to take part in the survey. Details on the sampling procedure can be obtained in another publication 15 . To incorporate the structure of the complex sampling plan in the data statistical analysis, each interviewee was associated to a weight p, corresponding to their inverse probability of inclusion in the sample (f). In the urban area, the selection of individuals was done in two stages. Therefore, their inclusion probability was obtained by the product of the inclusion probability in each one of the stages (f = f 1 x f 2 ), in which f 1 = inclusion probability in the first stage and f 2 = inclusion probability in the second stage. The possibility of refusal to participate was also considered, which would cause different inclusion probabilities. Thus, the response rate (r response ) in each sector was incorporated and the final inclusion probability of each individual was obtained by the expression f = f 1 x f 2 x r response . In the rural area, the selection of individuals was composed of a single stage, and therefore the inclusion probability was calculated by the expression f = f 1 x r response , considering f 1 = inclusion probability in the first stage. Finally the weight of each interviewee was obtained by inverse inclusion probability (p = 1/f) 15 .
Field work was carried out by 24 teams composed of a recorder and an examiner who were previously trained and calibrated. During training and calibration, inter-and intra-examiner agreement was estimated by intraclass correlation coefficient (ICC) for the dental aesthetic index (DAI) and the weighted kappa for their components, with an acceptable limit value of 0.60. Examiners whose agreement exceeded this limit were considered fit; the remainder were submitted to an additional calibration exercise until the acceptable limit was reached. Details of the training and calibration process can be obtained in another publication 13 .
Data were collected with a handheld computer using an especially created software program, which enabled the simultaneous and automatic construction of a database. Interviews and intraoral examinations were performed in a spacious environment with natural light with a mirror and a Community Periodontal Index (CPI) probe of the World Health Organization (WHO), previously sterilized. Data stored in the handheld computers were transferred to a main computer and then exported to PASW 17.0 software for checking, revision, and correction.
The dependent variable severity of malocclusion was evaluated according to DAI, enabling the classification of individuals into: absence of abnormality or slight malocclusion (DAI ≤ 25); defined malocclusion (DAI = 26 to 30); severe malocclusion (DAI = 31 to 35); and very severe malocclusion (DAI > 36) 13 . The dependent variables were: (a) demographic characteristics: sex (male; female), self-reported skin color (non-white; white), marital status (single; married or stable union) and age (in years); (b) socioeconomic condition: level of education (≤ 8 years of schooling; > 8 years of schooling), monthly per capita income (≤ R$200.00; > R$200.00), household crowding (more than one person per room; up to one person per room); (c) use of dental services: use of service (never used; used), type of dental service used (public or charity; private, health plan or insurance), time since last dentist appointment (< 1 year; ≥ 1 year), regular dentist visits (yes; no); (d) health-related behavior: tooth-brushing frequency (< 3 times/day; ≥ 3 times/day), use of dental floss (no; yes), use of topical fluoride (no; yes), harmful oral habits (yes; no), smoking habits (yes; no), alcohol consumption (yes; no), physical exercise (never or rarely; occasionally; frequently or always); and (e) oral health subjective conditions: self-perceived oral health (negative; positive), self-perceived chewing (negative; positive), self-perceived appearance of teeth or gums (negative; positive), self-perceived speech due to teeth or gums (negative; positive), self-perceived social relationship affected by oral health (affects; does not affect).
The skin color variable was classified as non-white (those who self-reported as black, pardo, yellow or indigenous) and white (those who self-reported as white). As to per capita income, the distribution median was R$200.00, a value used as the cutoff point. Self-perceived oral health, chewing, appearance and speech were considered negative when individuals rated them as very bad, bad or average; and positive when rated as good or very good.
The variables were described through their absolute and relative frequency distributions. A 95% confidence interval for the prevalence of malocclusion was also estimated. An ordinal logistic regression model (proportional odds model) was used in the analysis of factors associated with the outcome 1 . Bivariate analyses were performed and variables presenting a descriptive level below 0.20 (p < 0.20) were selected for the multiple model 7 . A stepwise forward procedure was adopted to construct the multiple regression model, i.e., the model was started with the most statistically significant variable, selected in the bivariate analysis, and the remaining variables were then added, one by one, in descending order of the descriptive level. Variables presenting significant association with the outcome (p > 0.05) were kept in the final model. Raw and adjusted odds ratios were estimated, with their respective 95% confidence intervals.
The adjustment quality of the final model was evaluated by the deviance test and the assumption of proportional odds was assessed by parallel lines tests 1 . All analyses were performed on the PASW 17.0 statistical program, using the complex sample model to analyze data from complex samples, with the aim of adjusting the variability estimates in the cluster sampling.
This survey was approved by the ethics committee of the Universidade Estadual de Montes Claros (Opinion 318/08). All individuals participating in the survey signed an informed consent form.
RESULTS
A total of 763 adolescents took part in the survey, 99.6% of whom lived in the urban area. The response rate was 91.5%, and the main reason for losses was failure to locate adolescents after three household visits.
The average age of adolescents was 17.1 years old, and most of them were female (52.7%), single (94.7%), self-reported non-white skin color (73.1%), attending an educational institution (73.9%), had more than eight years of schooling (77.2%) and a monthly per capita income equal to or below R$200.00 (58.7%). The other characteristics are described in Table 1 .
Regarding severity of malocclusion, an expressive percentage (69.6%) of adolescents had no abnormalities or slight malocclusion, while defined malocclusion was observed in 17.8%. Fifty-six (6.2%) and 49 (6.4%) adolescents showed severe or very severe malocclusion, respectively. Prevalence of malocclusion conditions is presented in Table 2 .
Bivariate analysis results are shown in Table 3 , which presents only variables in which p < 0.20, selected for the multiple analysis: skin color, level of education, per capita income, household crowding, time since last dentist appointment, harmful oral habits, self-perceived oral health, appearance and relationship affected by oral health. Table 4 shows the multiple analysis results. Among the demographic and socioeconomic characteristics, we associated the following factors with greater severity of malocclusion: non-white adolescents (OR = 1.5; 95%CI 1.1-2.2) with a monthly per capita income below R$200.00 (OR = 1.5; 95%CI 1.1-2.4). Individuals who reported having harmful habits in the present or past showed higher chances (OR = 17; 95%CI 1.1-2.9) of belonging to a category of greater severity of malocclusion. Among oral health subjective conditions, the following were conditions associated to greater severity of malocclusion: adolescents with negative self-perceived appearance (OR = 1.8; 95%CI 1.1-3.1) and self-perceived social relationship affected by oral health conditions (OR = 1.4; 95%CI 1.1-2.1). 
DISCUSSION
Malocclusion prevalence in the investigated population was 30.4%, and chances of greater severity of malocclusion were higher among socially disadvantaged adolescents who reported having harmful habits and self-perceived compromised aesthetics and social relationship. Regarding the application of health public policy, the epidemiological information presented in this study is useful to adequately prioritize and allocate the necessary resources to provide adolescents with orthodontic treatment.
Despite the methodological rigor of project SB-MOC
14
, the cross-sectional design of this study did not allow an evaluation of causal relations between severity of malocclusion and the factors investigated. A further limitation concerns the sampling process in the rural area, which excluded households outside a 500-meter range from an institution of reference, which may have produced a selection bias, given that 500 m is not a considerable distance in rural areas. This may be the reason for the low percentage (0.4) of adolescents from the rural area in the sample. Therefore, it is prudent to assume that this sample is only representative of the population of adolescents in the urban area of Montes Claros.
We observed a predominance of adolescents with no abnormality or slight malocclusion, followed by those with defined, very severe and severe malocclusion, who require elective, essential and highly necessary orthodontic treatment, respectively. These results are similar to those found in India 16 The higher probability of severity of malocclusion among adolescents self-reporting as non-white had previously been in reported in Brazil
18
. This association might be caused by the inferior socioeconomic conditions of these ethnic groups compared to the white population of Brazilian society 3 . Youngsters with lower per capita income also presented more chances of higher severity of malocclusion when compared to those with higher per capita income, an association previously observed in another Brazilian survey 18 . However, Brazilian research evaluating the influence of socioeconomic factors in malocclusion is still scarce.
A complex interrelation among the social factors of oral health seems to exist. Socioeconomic conditions indirectly influence severity of malocclusion by influencing other factors, such as level of education, behavior patterns and access to food, oral hygiene products, and health services, especially orthodontic treatment.
Individuals reporting harmful oral habits showed higher chances of being in a category of greater severity of malocclusion, regardless of demographic characteristics and socioeconomic conditions. Among harmful oral habits, pacifier and thumb sucking may cause malocclusions, since they can alter the normal development of the stomatognathic system, due to an imbalance between external and internal muscle strenght 6 . In this survey, 41.2% of adolescents reported having one or more kinds of harmful oral habits at some moment of their lives, the most reported being nail biting and pacifier or thumb sucking (23.8% and 14.8%, respectively).
In line with the findings of a previous study 5 , adolescents perceiving their appearance as very bad/bad and average showed higher chances of greater severity of malocclusion, as did those perceiving their relationships as affected by oral health conditions. We did not observe any association between severity of malocclusion and self-perceived chewing or speech, suggesting that the malocclusions did not have a perceived functional impact for adolescents. These findings suggest a tendency in individuals to relate malocclusion more closely to aesthetics than functional problems 17, 20 . It is likely that individuals with malocclusion problems perceived their relationships affected by oral health conditions for being considered less socially attractive, given that, for adolescents, oral aesthetics plays an important role in self-image and social relationships.
Malocclusion was significantly prevalent in the investigated population, and approximately one third of the adolescents showed a need for orthodontic treatment. The malocclusions were associated to variables related to social disadvantage, harmful habits, self-perceived negative appearance, and self-perceived compromised social relationships. Public services in northern Minas Gerais do not offer orthodontic treatment to the population, which evidences problems of access to malocclusion treatment by adolescents whose families are unable to afford the high costs of such treatment in private dental clinics. Consequently, these youngsters may face difficulties of social integration, since malocclusions may represent a social disadvantage for those with no access to treatment. It is essential to improve public policy for the inclusion of orthodontic treatment among health care provided to this segment of the population, particularly among individuals of lower socioeconomic status.
